ABSTRACT: Winter hardiness of genotypes pre-selected from Cerapadus × Prunus avium L. crosses was studied for 3 years (2000)(2001)(2002) in comparison with clonal cherry rootstocks, presently grown in the Czech Republic using artificial freezing of the budwood applied just after the phase of deep dormancy. With a temperature drop to freezing, both the mean and the maximum rate of general frost injury was markedly increased. The greatest damage of the tested material (roughly at the level of LD 50 on the average) occurred after the application of combined low temperatures -25°C for 4 hours + -20°C for 66 hours. The results of laboratory tests were compared with the damage of natural frost that occurred during the first half of January, 2002. The single observed years did not differ from each other in the extent of injury, on the average. From standard cherry rootstocks, P-HL-B was generally the most sensitive to freeze injury. Its weak winter hardiness was approximately the same, or even somewhat worse, than that of rootstock Colt. The rootstock P-HL-C was classified as medium sensitive to winter frosts, while rootstock P-HL-A was scored as winter hardy. The average frost injury score of all 48 selected Cerapadus × Prunus avium L. genotypes included in the study was 6.7, whereas that of all control cherry rootstocks was only 5.9. According to the results of this study, the tested genotypes were classified into 5 groups with different classes of frost resistance or susceptibility. The most frequent was the class of medium resistance. The following five genotypes were the most winter hardy: CPH VODÁRNA, CPH 43, CPH 17, CPH 22 and CPH 49. On the basis of the obtained results, suggestions for improving testing procedures are also given. cut from mother trees during the first half of January. This term was chosen using the experience of MITTEL- STÄDT and WOLFRAM (1996), who had tested similar clonal material in similar climatic conditions. The term following the deep dormancy phase was convenient, because the treated material could easily be used for subsequent growing tests.
An artificial inter-generic hybrid Cerapadus was obtained in Russia by I.V. Michurin in 1935 from a cross of his sour cherry Ideal (Prunus fruticosa Pall. × Prunus pensylvanica L.) with the Maack bird cherry (Prunus padus L.). This hybrid was used in Russia as a hardy and vigorous rootstock for sour cherries, being propagated for this purpose by soft-wood cuttings (VOROBJEVA 1996) . Both ancestor species (Prunus fruticosa Pall. × Prunus pensylvanica L.) were used in breeding programs as donors of winter hardiness (BURKE, STUSHNOFF 1979; STEPANOV 1974) .
In the Research and Breeding Institute of Pomology at Holovousy, this hybrid has also been utilised to breed new cherry rootstocks. From the interspecific hybridisation of Cerapadus × Prunus avium L. (using several selected cultivars of sweet cherries) many hybrid seedlings were obtained that are now under selection for economic characteristics. Many of these seedlings are resistant to leaf spotting (Blumeriella jaapii Rehm. Arx.) and to some other diseases. Several of them can be easily propagated by hardwood cuttings or by in vitro propagation (KRACÍKOVÁ et al. 1999) .
Interspecific cherry hybrids were tested for frost susceptibility using an indirect method for its determination based on electrolyte diffusion (STRAUCH 1988) . The winter frost resistance of sweet cherries was tested by a standardised laboratory method according to FISCHER and HOCHFELD (1995) . The testing of frost resistance under laboratory conditions for cherries with Prunus hybrid rootstocks was done by MITTELSTÄDT and WOLFRAM (1996) . These authors considered the results of these tests obtained on the basis of long-proven procedures sufficiently reliable for the climatic conditions of Central Europe.
The main purpose of the present study was to estimate winter hardiness of pre-selected genotypes of Cerapadus × Prunus avium L. crosses in comparison with clonal cherry rootstocks, presently grown in the Czech Republic using artificial freezing of the budwood. At the same time, different variants of testing methods for frost hardiness were examined in an effort to improve the whole procedure.
MATERIAL AND METHODS
This three year study took place between 2000-2002. Altogether, 11 pre-selected genotypes from Cerapadus × Prunus avium L. crosses and four control clonal cherry rootstocks (Colt, P-HL-A, P-HL-B and P-HL-C) were tested in all three years. Besides these, another 37 genotypes were included in the tests either in 2001 or 2002, or in both of the years. For laboratory testing of preselected genotypes to frost hardiness, annual shoots of about 5 mm in thickness were used. These shoots were cut from mother trees during the first half of January. This term was chosen using the experience of MITTEL- STÄDT and WOLFRAM (1996) , who had tested similar clonal material in similar climatic conditions. The term following the deep dormancy phase was convenient, because the treated material could easily be used for subsequent growing tests.
After storing for a short time in a cold store, the tested shoots were treated by a freeze temperature in a laboratory freeze chamber, with a possibility of temperature control and measuring accuracy of 0.1°C. The treated temperature was reached within two hours. At first, several different freezing temperatures were applied for different durations of time and were verified in 2000, from which three of the most suitable treatments were chosen and used for this three year study: -15°C for 22 hours (D), -20°C for 22 hours (E) and -25°C for 4 hours plus -20 o C for 66 hours (F). In January, 2002 a natural frost at Holovousy occurred about one week before the budwood was cut for testing. The deepest natural freezing outdoors took place from January 4 th till January 6 th with temperature fluctuating between -15°C to -18°C. After a freeze treatment, the tested shoots were, together with the untreated controls, placed into bulbs with water and kept at room temperature for two or three weeks. Subsequently, freeze injuries of the shoots were assessed by 3 different indicators: bud browning, wood browning and shoot bud-break. The first two types of damage were evaluated on cuts made through these organs, and the third one was assessed by determining the rate of the bud-break considering all the buds on the shoot in comparison with the controls. The evaluation was performed visually using a 1-9 rating scale. Undamaged material was ranked as 9, and completely dead wood (or no bud break) as 1.
The evaluated data after the treatments were analysed by analysis of variance (ANOVA), with a score of frost injury being the variable. Significantly different means were separated by a least significant difference at the 5% level. Relationships between treatments, frost injury indicators, and years or natural frost damage were tested by correlation analysis.
RESULTS

EFFECT OF TEMPERATURE AND DURATION OF FREEZING
With a temperature drop to freezing, both the mean and also the maximum rate of general frost injury was markedly increased (Fig. 1) . The greatest damage of the tested material occurred after the application of combined low temperatures -25°C for 4 hours + -20°C for 66 hours (treatment F). On average, the treatment of the combined low temperatures resulted roughly in half the value of the frost injury rating scale that was used, or effects of this treatment could be approximated as LD 50. With the most sensitive material, this treatment generated almost complete injury (shoot killing). The treatment with a temperature of -20°C for 22 hours (E), on average, led to the damage of the tested material to an extent of about 25%. Treatment with -15°C for 22 hours (D) injured the tested material, on average, by about 10%, and it caused a more pronounced damage with the most sensitive material only. Both treatments with -10°C for 72 hours and -5°C for 24 hours (B and C) did not differ significantly in shoot damage from the control (A).
The results of treatments D, E and F were mutually highly significantly correlated (Table 3) .
EFFECT OF THE YEAR
Single observed years did not differ mutually from each other in the extent of injury, on the average, after treatments F and E. Certain differences, which were noticed after treatment D, evidently were related to the light damage that already took place in 2002 in the orchard due to the natural frost before the shoots were cut (Table 1) . Correlation analysis of the results of frost hardiness showed a close relationship between single years; nevertheless, a 3 year average seems to be the best tool for the rating (classification) of given genotypes (Table 3) .
EFFECT OF THE INJURY INDICATOR
Greater frost injuries, on the average, and especially after deepest freezing (treatments F and E), were found in the bud-break response of treated shoots (Table 2) . After using the lower temperature of freezing (treatment D), however, the response in retardation of bud-break was generally smaller than the changes indicated by browning of cuts both through buds and shoots. Also, a span of injury ratings of evaluated genotypes was somewhat greater with bud-break than by using the evaluation of bud or shoot cuts. This indicator seemed to be the most suitable one for the discrimination of frost hardiness between particular genotypes. Very high correlation coefficients were found between all of the three indicators; however, relationships between the browning of buds and wood were closer than between both indicators and bud-break (Table 3) .
SENSITIVITY OF THE CONTROL MATERIAL
From standard cherry rootstocks which were tested, together with selected genotypes, P-HL-B was generally the most sensitive to freeze injury. Its weak winter hardiness was approximately the same, or even somewhat worse, than that of rootstock Colt. The rootstock P-HL-C was evaluated as medium sensitive to winter frosts, while rootstock P-HL-A could be regarded as a hardy one (Table 2) .
CLASSIFICATION OF TESTED GENOTYPES
From genotypes that were tested in all three years, CPH 49 was evaluated as the hardiest one. Besides this one, also CPH DOS 1/13 and CPH 81 showed good winter hardiness. The relatively weakest winter hardiness in all three years was observed in CPH 2 and CPH 51, which could in relation to control rootstocks be considered as medium susceptible to winter frosts (Table 2) .
From genotypes that were tested only in two years (2001 and 2002) , the highest level of winter hardiness was found in CPH VODÁRNA, CPH 43, CPH 17 and CPH 22. Their hardiness was similar to P-HL-A or even better (Tables 5 and 6 ). The same level was found also in the case of CPH 38 and CPH 87; however, both of them were tested only in 2002. As the most susceptible to winter frosts of the group, the following rootstocks were identified: CPH 42, CPH 75, and also CPH DOS 2/3 and CPH ST 14/127, but both of the last ones were tested only in 2000. All of these were, in this characteristic, roughly comparable to the rootstock Colt. The genotype CPH 45, which was tested both in 2001 and in 2002, and three others (CPH 28, CPH 30 and CPH 34) which were tested only in 2002, were less susceptible (somewhat better than Colt). All other tested genotypes after evaluation of their frost injury were ranked as intermediate, between the above stated extremes.
Results of single tests, with practically all the genotypes that were tested repetitively in two or three years, did not differ significantly from one to the corresponding other, with only one exception in the case of CPH DOS 1/5. This one was evaluated as susceptible to winter frost in 2000 but as winter hardy in 2002.
The average frost injury score (from all three years) of all selected Cerapadus × Prunus avium L. genotypes that were included in the present study was 6.66, whereas the score of all control cherry rootstocks was only 5.95. This means that the material was generally more winter hardy than the clonal cherry rootstocks that were used as controls in the study, and which are at the present time grown in the Czech Republic.
EFFECT OF NATURAL FROST DAMAGE
Evaluation of frost injuries after the natural period of freezing that occurred in 2002 revealed poor winter hardiness only in the case of the susceptible control rootstocks P-HL-B and Colt (Table 6 ). From Cerapadus × Prunus avium L. genotypes, however, only a slight frost susceptibility could be stated with CPH 75 and CPH 42. Both of these were classified as susceptible after artificial freezes.
Relationships expressed by correlation coefficients between injuries after single freeze treatments and natural frost damage, as well as interrelations between evaluations of these injuries with the help of observed indicators and average natural frost damage are given in Table 4 . Generally, relationships between the results of single treatments and natural frost damage were less close than those between the results of single freezing treatments themselves. The relationship between natural frost damage and results of treatment D was relatively the strongest. Concerning single indicators, in the case of natural frost damage the strongest dependence was found between browning of the bud cuts and the weakest between the character and the bud-break.
EFFECT OF THE PARENTAGE OF THE MATERIAL
As has been described in previous paragraphs, significant differences in winter hardiness were found only between a limited number of tested genotypes. Nevertheless, a question has arisen of using different sweet cherry cultivars for crossing, as male parents could influence the winter hardiness of originated genotypes. Therefore, genotypes with markedly different evaluations of their winter hardiness were ranked into a table, in which also sweet cherry cultivars used as male parents for crossing are given (Table 7) . Notwithstanding a very restricted number of compared genotypes in contending categories, it seems that using different sweet cherry cultivars as male parents does not have a significant influence on winter hardiness of given genotypes.
DISCUSSION
The effects of low temperatures that were used in this work for freezing tests more or less correspond to results of earlier published works (e.g. ROVERSI, UGHI-NI 1989; WU KE JUN et al. 1997) . Artificial treatment of shoots (which were cut just after finishing their deep dormancy) by temperatures -20 to -25°C (treatments E and F) proved to be the best means of finding differences in winter hardiness within hybrid seedlings originating from Cerapadus × Prunus avium L. crosses. This finding is in agreement with previous results from literature. For the artificial frost treatments, the temperatures ranging between -21 and -24°C are suggested as the most suitable in the period immediately after deep dormancy (PEDRYC et al. 1999) . The best correlation between natural and artificial freezing for climatic conditions of central Europe was found after freezing the shoots at -23°C (FISCHER, HOCHFELD 1998).
Bud breaking was found as the most suitable indicator of the frost injury for genotype separation in this work. Therefore, it should be recommended for rapid assessment in the routine testing of the character. For a more precise classification of the tested material, another frost injury indicator could be used -bud browning or wood browning. Regarding the high correlation between both injury indicators, however, it is not necessary to use both two simultaneously. At the present time, tissue browning is mostly used for determining frost injury after freezing tests in woody plants (LEVITT 1972 Regarding the high correlation between test results in different years, it seems also unnecessary for practical selection purposes to repeat the same tests for 3 years. For the attainment of reliable test results, it should be sufficient based on the results of this work to implement two-year repetitions, and only in the cases where these two tests were not in reasonable agreement, repeated in the third year. A two-year period of frost hardiness testing was used for the classification of cherry cultivars in Germany (FISCHER, HOCHFELD 1995) .
Frost susceptibility of the control rootstock Colt was reported by several authors (WEBSTER, SCHMIDT 1996; CALLESEN, YSTAAS 1998) and also by MITTELSTÄDT and WOLFRAM (1996) , who included it in laboratory testing. Rather high frost susceptibility of P-HL-B corresponds with some previous observations on this rootstock at Holovousy (BLAŽKOVÁ 2002) .
The results of the present study confirmed the statement of STEPANOV (1974) regarding the high value of inter-generic hybrid Cerapadus as a donor of excellent winter hardiness for future breeding of cherry rootstocks. It appears that this characteristic is inherited polygenically, and that using a cherry cultivar as a male parent does not have a great influence on the manifestation of the character.
According to the results of this work, the following five genotypes were proved to be the most winter hardy: CPH VODÁRNA, CPH 43, CPH 17, CPH 22 and CPH 49. The authors believe that these should be used as donors of winter hardiness in future breeding, or as standard material for subsequent testing of the characteristic in future research.
